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SOME PHYSICAL ASPECTS OF GENERAL GEOLOG
ICAL CORRELATION.
BY CHARLES R. KEYES.
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INTRODUCTORY.
The main object of the present communication is to form
ulate, briefly, certain results which have been obtained in the
course of recent attempts to parallel some of the geological
terranes in the Mississippi valley. The suggestions they offer
appear to have a much more than local bearing, and to affect
the stratigraphy of the entire region. They also have an
important influence upon the whole problem of general
correlation and, perhaps, also, even upon our present system
of geological classification.
In the whole domain of natural science, there is perhaps
nothing that is more striking, through all stages of its consid
eration, from beginning to end, than the fact that natural
phenomena are rarely the outcome of the action of single, simple
laws. They all originate in so many remote and complex
processes that those which are really primary and essential in
character, are often largely or completely obscured by those
which, though most conspicuous perhaps, are altogether
1
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secondary, or even accidentally associated. That this is true
in every department of science is clearly shown, not only
by its history, but particularly by the classifications of the
phenomena that have been followed during the different stages
of its development.
In the progress of every branch of knowledge, one of the
first considerations to receive attention is a systematization of the
known facts. This orderly arrangement is one of the earliest
prerequisites demanded of the branch in its attainment to
recognition; while its advancement is measured by the degree
of taxonomic completeness and the critical criteria adopted. The
bringing together of the various phenomena, so that some sort
of systematic relationship is made to exist among them all, is
the initial step in raising the particular department of knowl
edge to the dignity of a science. As progress is made, a
gradual evolution takes place in the fundamental grouping of
the facts. In the beginning, a classification, rude though it
may be, is fashioned according to the superficial features,
which are most striking at first glance. It is, at a later stage,
modified to one in which similarity of characters, irrespective
of natural relations, is taken into account. A vastly more
advanced conception is classification based upon affinity, in
which, for similarity of features, there is substituted similarity
of plan. The final stage is the causal, in which origin and the
processes become the dominant and determining factors.
In the expansion of the multifaceted science of geology, the
classification of the phenomena presented has been no excep
tion to the rule. In the department of stratigraphy, that part
of the general subject which has to do with the history of the
changes which have taken place in the lithosphere, that part
in which we find a measure of geological time, and in which we
determine the sequence of geological events, there has been
the same growth as in the other branches of the science. As
in those other branches various standards of comparison have
given away, one after another, to new standards more in accord
with the general advancement of human knowledge, so also in
stratigraphy has there been a passage from one criterion to
another. In the successive replacements, however, of one set
of criteria by another, the abandoned ones have not always been
found to be altogether wrong; and they usually continue to
exert a more or less profound influence long after they are
thought to be forgotten. These various classifications, based
2
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first upon some one particular phase or striking feature,
and then on another, are not entirely erroneous, for the
reason that they represent some special workings of funda
mental laws that are not, and cannot be, always discerned,
until greater advancement in general knowledge has been
made. In this respect, they partake of the nature of working
hypotheses. A long time may be required to prove their faults,
and then new schemes arise. In practice, then, the establish
ment of a rational system of geological chronology, or classi
fication, is not to be sought in the comparison of any one set of
external features, but rather in the direct causes or processes
which have given rise to the phenomena. The final outcome
is reached by a comparison of all the groups of data relating
to the physical history as a whole.
NATURE OF THE PROBLEM OF GEOLOGICAL CORRELATION.
Regarding as the main function of geological correlation,
the establishment of a practical scale of stratigraphic succes
sion, to which may be referred all geological terranes, the
critical critera adopted become essentially the basis of geolog
ical classification or of historical geology. Moreover, a
rational classification of geological phenomena reflects the
genesis of the events recorded, and this is manifestly the
ultimate aim of all methods of paralleling strata.
It is a favorite simile of geologists to liken the progress of
geological events to human history. But they stop short of
the most important step of all in not making the comparison
full and symmetrical. In the history of mankind, there is in
the time units, the year, the decade and the century, an abso
lute scale for gauging all events. In developing geological
history, this standard of comparison, of course, fails, because
of the inapplicability of our ordinary units of time, and with
this failure, no attempt is made to carry out the all-important
idea that is fundamental in human history, and look for some
other unit that is, in its nature not comparative, not variable,
not local in application, but fixed and independent of any
inherent character.
As human history is traced backward, the clear coloration
of the present gradually fades with time, until lost in the haze
of distance and uncertainty, tradition and myth. That the
growth and progress of the races of mankind have been much
the same in all the various parts of the world, is generally
3
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admitted, but in each part the details, and perhaps some of
the characteristic larger features, are very different. The
whole history is made up of the histories of the parts, of the
nations, of the provinces. In a similar way, geological history
reaches back into a haze of distance-, compared with which the
beginnings . of human history are but as a moment ago. As
the history of man is a history of nations and dynasties, more
or less intricately related, so also is geological history a history
of parts, of provinces, overlapped, interwoven, merged into
one another, but each retaining, more or less distinctly, its
identity, thrusting out its idiosyncrasies, and presenting the
evidence of its relations with its neighbors.
The development of geological provinces has another
parallel in the progress of nations. Some great events have
been recorded in the history of all; others in only a few. At
certain periods a mingling, an absorption, or a complete
effacement of some parts has taken place; at other times has
occurred conquest and expansion.
Could the events of all nations that have ever existed be
arranged on a chart, or in tabular form, so that those concern
ing each could be brought together in a vertical column,
and so that the different columns would stand side by side
in their proper positions in the time scale, with its major sub
divisions marked off by horizontal lines, it would be found
that at certain times great events would affect several and
perhaps many nations, and that at such times similar events
would affect different groups of nations, or part of one group
and part of another.
In the same manner are the events of geology recorded
in different parts of the earth. While the general sequence is
similar everywhere perhaps, great changes affect the different
parts in different ways and with varying intensity. So, in tab
ulating the geological events of different provinces, the
standard corresponding to the time scale in human history
must be absolute and far-reaching, and not changeable and
local. The determination of such a standard is the one great
problem of stratigraphy.
THE FOUNDATION OF GEOLOGIC CORRELATION.
In the correlation or comparison of geological terranes,
experience has shown that the subject may be viewed from
at least four very different points of vantage. The aspect
4
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presented may be: (1) Local, (2) provincial, (3) regional and (4)
general. The last should be clearly distinguished from the
others. With the various methods which have been followed
from time to time in correlative inquiry, the almost universal
practice has been to attempt to base the broader generaliza
tions upon criteria that are, in reality, applicable only to
limited areas. Hence, in passing from the more local to the
more general, difficulties have always arisen which have
become more and more formidable in direct proportion to
the extension of the local scheme. Most of the methods that
have been applied, and that have been found to answer locally,
have fai'ed when extended over larger districts. The real
problem, then is to find some means of solving the difficulties
of the latter, or more general. In the attempts to do this,
or when broadly applied, most of the correlation criteria have
proved very inadequate. A little consideration will make the
reasons evident. As the specific distinctions that are regarded
as decisive in a given locality are extended more and more
widely, they change and all are gradually replaced by others
which may be very different. The physical conditions that
have given rise to the various distinctive features, or the
processes involved in their production, themselves change
from place to place and from time to time. In seeking for
a suitable means of carrying on correlation it is manifest, at
the outset, that in no case should the critical criteria deal with
the intrinsic features as such, but with the causes producing
them. Moreover, the great factor to be taken into account in
every standard of comparison which has to do with the
correlation of strata, is a definite or absolute basis to which
the various minor, or local and provincial, successions can be
referred. This fundamental conception grows out of a consid
eration of the nature of sedimentation itself.
The features which have in the past had the greatest weight
in geological correlation, have been those which, in reality,
are partly or entirely unrelated to the deposition of strata.
In attempting to seek a criterion that is fundamental in strati
graphy, it is pertinent at the start to inquire into the real
nature of sedimentation, into the causes producing it, modify
ing it and limiting it, into the forces called into action, in sub
sequently obliterating their results, in fact, into all of the
primary processes involved, and into the secondary processes
which tend to obscure the actual workings of the real and
5
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fundamental laws. Only in this way can the main object, the
establishment of an adequate and elastic system of geological
correlation, be attained, and a ready interpretation of the his
tory of terrestrial phenomena be made. Since, from the
strata of the globe must be deciphered the records of its
history, the leading facts to be ever borne in mind and to be
recognized to their fullest possible extent, are that the
elements of sedimentation are in large part the products of
land decay, which form seaward-creeping fringes around the
continental masses, and that the cessation of the action of the
processes favorable is one of the prime factors in beginning
each new cycle, or great epoch, in the physical history.
SOME METHODS OF GEOLOGICAL CORRELATION.
General Statement. —In the present connection it is unneces
sary to enter into details regarding all of the various stand
ards of correlation that have been proposed. As all
systematic arrangements of sedimentary deposits have for an
ultimate end the real determination of the superposition or
relative succession of all strata, it is manifest, from what has
already been said, that the scheme incorporating in its plan
the actual sequence of the processes that have produced the
events, is the one which most nearly meets the requirements
of a rational foundation for geological chronology. In propor
tion, therefore, as a classification is genetic, it is of value as
epitomizing the history of a region.
From the time when the real significance of the bedded
character of nearly every portion of the lithosphere open to
observation first came to be recognized, at the beginning of
the eighteenth century, the normal order of superposition and
the equivalency of the layers has formed one of the chief
problems of stratigraphy. In a single rock exposure it is,
ordinarily, easy to determine which beds were laid down first
and which last. However, in making a comparison of two sec
tions which are not visibly connected, the case is not so
simple; and when the two sections are widely separated, the
difficulty of paralleling them is correspondingly increased,
and exact correlation, perhaps, finally becomes entirely out of
the question. It is the special province of geological correla
tion to establish a general chronological sequence of all rock
successions, particularly those more or less widely separated.
In the past, the standards for this determination have been
6
Proceedings of the Iowa Academy of Science, Vol. 6 [1898], No. 1, Art. 23
https://scholarworks.uni.edu/pias/vol6/iss1/23
IOWA ACADEMY OP SCIENCES. 137
numerous. As they come to be tested practically in the field
tbey have been, one by one, abandoned entirely, passed over,
or, in lieu of something better, have been used only provision
ally, or with reservation. No single criterion has yet been
proposed that answers the purpose successfully. Although
some one of the various methods is commonly used as the
principal one, others are almost invariably also taken into
account at the same time. Hence, it is universally recognized
that few correlation problems can be now settled by a single
standard alone.
Chief Metlwds. — In geological correlation the most important
of the criteria that have been most generally employed may
all be assigned to two main groups, the biological or biotic,
and the physical. At one time or another, each one of the sub
ordinate methods of both groups has been made all-decisive.
At the present time all of these are used to some extent, either
directly or indirectly. These minor methods have been
recently arranged by Gilbert* in the following manner:
I. Physical, through,
1. Visible continuity.
2. Lithological similarity.
3. Similarity of lithological sequence.
4. Unconformities.
5. Simultaneous relations of diverse deposits to some
physical event.
6. Comparison of changes deposits have experienced
from the action of geological processes supposed
to be continuous.
II. Biotic, through,
7. Relative abundance of identical species.
8. Relative abundance of allied or representative
species.
9. Comparisons of faunas with present life.
10. Relations of faunas to climatic episodes.
With possibly one exception all the methods of correlation
which are included in these two catagories are strictly local in
their scope, though it is.the custom to regard them as applying
-widely, if not universally. For many years general correla
tions have been carried on almost entirely by the biotic
methods. At the present time they predominate over all others,
•Oong. g&ol. international, Compte Kendu, 5me Sess., 1891, pp. 151-155, 1893.
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and are, really, the foundation of our commonly accepted sys
tem of geological synchrony. However, it is beginning to be
recognized more and more clearly that organic remains are not
the all -deciding factors in questions of correlation, that they
are, in fact, merely accidental characters, and that when
depended upon they must always be taken in connection with
physical features. In actual practice they are regarded as
corroborative evidence after the main points of the special
problem under consideration have been determined by other
means.
In the recognition of these difficulties it was recently stated*
that all the principal characters, stratigraphical, Hthological
and faunal, of every formation, were so intimately interrelated
in origin that the proper interpretation of any one of the three
classes of phenomena presented should, under normal condi
tions, indicate the more salient features of the other two,
but that, ordinarily, great difficulties were encountered in
attempting to infer the entire geological history of a series of
beds from a single group of facts. It was fully appreciated
that the geological records were very imperfect, but at the
same time they were not believed to be nearly so fragmentary as
generally supposed, though the larger part was, in a great
measure, more or less inaccessible; those portions of the
lithosphere that were open to investigation were as yet only
partially considered. For a long time to come, the territory
open to inspection would require constant study before the
history could be made even measurably complete. Never
theless, at the present time, it was considered absolutely .
necessary to carry on investigations, involving the historical
sequence of geological events, along all three lines at once,
every fact being needed to throw light upon the general
scheme. If the problems were attacked in any one of the three
directions alone, without due regard for the evidence presented
by the others, very different, and perhaps antagonistic,
conclusion? might be reached, at least in the present state
of knowledge. In the interpretation, then, of the geological
history of a region, and in the erection of, a classification of
the formations in accordance with that interpretation, it
is of prime importance to weigh carefully all the evidence
set forth by the arrangement, composition and contained
organic remains of the rock series as a whole, and of its
several parts regarded as distinct units.
*Iowa Geol. Surv., Vol. II, p. 62, 1893.
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Inadequacy of Existing Methods. —It has already been intimated
that the basis of geological classification has been, at various
times, in accordance with very different standards, and that
these have continually changed. In passing from one to
another, however, the change has been gradual and not abrupt.
Being bound so inseparably to the past, it is well-nigh impos
sible for us to at once cast aside old ideas, even after we
are fully convinced of their untrustworthiness. So, in clothing
new conceptions in words, we unconsciously and unavoidably
incorporate statements that are not only deceptive, but which
have their foundation in error. Still, the expression of
the new must be largely in terms of the old. In the dis
cussion of our standards of comparison, the old interpretations
are naturally, yet unavoidably rendered, and more or less
misunderstanding necessarily arises at first in the consider
ation of any new criterion.
That every standard yet suggested for the determination of
geological chronology has beeen inadequate, when taken
singly, is conclusively shown by the practical tests that are
being continually made. A satisfactory solution to the problem
does not appear to be offered by any system yet proposed. It
has almost come to be the despair of investigators.
A few years ago, Whitney and Wadsworth* gave up all hope
of unraveling pre- Cambrian geology without the use of fossils.
Walcott, f after reviewing the methods of correlation in his
correlation essay on the Cambrian, concludes that "Eorthe
determination of synchrony, except in a limited area, there is
little hope for satisfactory conclusions by any method yet
devised. "
Gilbert^ states that at present "the legitimate use of physi
cal methods of correlation will necessarily be local * * *
The value of a biotic group for purposes of correlation depends
(1) on the range of its species in time and space, and (2) on the
extent to which its representatives are preserved. "
Hughes, § in presenting the report of the British subcom
mittee on geological classification, clearly recognizes the fact
that no one criterion is sufficient. "We must adopt the his
torical method * * * In geological history we must class
together those results which naturally hang together, which
•Bull. Mus. Oomp. Zool., vol. VII, p. 565, 1881.
tC. S. Geol. Sur., Bull. 81, p. 438, 1891.
Wong, geol. International, Compte Bendu, 5me Seas., 1891, p. 153, 1893.
SCong. gSol. International, Oompte Bendu, 4me Sess., 1888, App. 11., p. 9, 1891.
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belong, more or less, to one set of conditions as shown by the
similarity of the inhabitants, as well as of the country occupied,
and of the structures which remain; that is of the fossils, the
stratigraphy and petrology of the district. Our greater divi
sions must be based on the more complete changes and the
smaller upon the minor fluctuations which will be indicated only
by the more sensitive and specially adapted forms of life, or by
the more minute structural changes. "
EXTENSION OF THE USUAL, CRITERIA TO GENERAL APPLICA
TION.
Main Considerations. —Among the various methods of parallel
ing strata, and in the broader phases of their consideration,
there are certain points in several of them to. which attention
should be directed. The methods referred to are those which
have, of late, received the greatest consideration. They may
be included under the titles of (1) biological relationships, (2)
unconformity, (3) community of genesis, (4) historical similar
ity, and (5) physiographic development.
Biological Relationships. —As the various standards that have
been usually used in geological correlation have been finally
found to be useful only in limited areas, instead of being world
wide, or even of continental application, so also the latest one,
which has so long held prestige, has been found at last to have
no longer the unerring certainty in exact correlation that was
once claimed for it, and in this respect to be no longer keeping
pace with the advance of geological science. Like the other
methods or schemes, it too is having its usefulness restricted
to limited districts, and to be relegated to the subordinate posi
tion of a local criterion. Its accuracy remained unquestioned
in the absence of more reliable criteria with which to check its
results. With, however, the advent of more refined methods
of working, its unreliability in exact general correlation has
become very manifest. As a striking example, stands the
eastern sea-board of the United States. Of it, McGee says that
' ' nearly as much information concerning the geological history
of the Atlantic slope, has been obtained from the topographic
configuration of the region within two years as was gathered
from the sediments of the coastal plain and their contained
fossils in two generations. ' '
It has come to be widely recognized that there are no more
grounds for the claim that the succession of organic forms and
faunas is an expression of the geological course of events and
10
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that it is the same the world over, than are the claims of the
old Wernerian ideas of general sequence, based upon litholog-
ical similarity. The element of error is identical in both. It
is an assumed premise. Both the lithological and faunal
characters must be regarded as largely accidental attributes of
strata, and therefore cannot have the impeccable classif acatory
values once ascribed to them.
The formulation of the weakness of fossil criteria in general
correlation may be passed over here. They are fully noted in
the conclusions of Huxley, Irving, Van Hise, McGee, Walcott,
Brooks and others. The very basis of the method is highly
variable, in the same way as that of lithological character.
The preeminent position which paleontology has long held
in geology, has been in great part due to its biological rela
tions, or environment. It has formed one of two chief lines of
inquiry into one of the most important and most absorbing
philosophical questions of the century. So overpowering has
been its influence in stratigraphy, that it even has been urged
that there can be no scheme of geological chronology which is
not based upon it. As a science, paleontology had its rise in
geology, though it is really a department of biology, and the
vast expansion that it has undergone still closer welds it to
the latter science. The whole tendency of its development, of
late years, has been towards the biological side. Its use, in
strictly geological work, has become more and more restricted
and overshadowed by the physical sciences which offer a
broader foundation. Without the slightest disparagement to
its good offices in the past, it may be said that it can never
have the exalted place in geology that it once had, though it
will ever be of use in practical local stratigraphy, especially
when taken in connection with other data.
Another reason why paleontology long had such an unpre
cedented influence upon geology is that it was so thoroughly
permeated with pre- Darwinian ideas of repeated creations and
of sudden extinction of species and faunas. Hence no cor
relations, either local or over broad areas, have ever been
precise, apparently, nor, in the absence of facts to the contrary,
has the equivalencies of strata widely separated geographically
been determined so positively, as those made out a generation
or two ago. Even to-day geological correlations rest practi
cally unchanged on these manifestly insecure foundations.
Since the beginning of the present century, when William
11
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Smith* explained a method whereby the different strata could
be recognized by the fossils which they contained, organic
remains have been the foundation of all geological classifica
tions. Of late years, when other methods have been devised,
numerous discrepancies have arisen between the conclusions to
be deduced from two sets of facts, and the question has begun
to arise on all sides as to just how far the fossils can be relied
upon in the correlation of geological formations. Huxley, f
recognizing the fact that exact synchrony could not be
established by means of fossils, proposed the term, homotaxis,
indicating similarity and not time-equivalency of organic con
tents. Irving, J and later Van Hise,§ and others, working
in very ancient, non-fossiliferous rocks were obliged to swing
loose altogether from the use of organic remains. McGee, || in
discussing the subject, concludes that, in correlating by means
of fossils, ' •it is the weakness of the method that many
rocks are too poor in fossils to be correlated thereby; that
formations may be homotaxial yet not contemporaneous, and
vice versa; that fossil facies represent the product of two prin
cipal factors, of which one (environment) is so variable- under
local conditions, that the product is inconstant among the
minor rock divisions, and that the geologic chronometers
afforded by fossil plants, fossil invertebrates, and fossil
vertebrates, respectively, give unlike time units and, some
times- discordant readings. To-day the larger groups are
confidently correlated by paleontology; but leading American
geologists no longer accept identity of fossil facies as final
proof of equivalence among the minor rock divisions."
In his correlation essay on the ' ' Cambrian of North Amer
ica, " Walcottl not only says, as already stated, that "for the
determination of synchrony, except in a limited area, there is
little hope for satisfactory conclusions by any methods yet
devised, " but in referring to paleontology in particular,
remarks that " all paleontologic reasoning is based upon
known data. By the discovery of a new grouping of fossils, or
a different range of known species, the identification of
horizons may be materially modified." As coming from the
*Geol. Table British Org-. FOBS., 1815.
•NJuart. Jour. Geol. Soc. London, Vol. XVIII, p. 14, 1862.
*0. S. Geol. 8ur., 7th Ann. Eept., pp. 365-454, 1888.
8U. S. Geol. Sur., Bull. 86, pp. 511-524, 1892.
I Am. Jour. Sol., (3), Vol. XL, p. 36, 1890.
1U. S. Geol. Surv., Bull. 81, p. 422, 1891.
12
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chief of American paleontologists, the recent utterances of H.
S. Williams* are full of meaning : ' ' And now the modern school
of paleontologists are demonstrating the fact that the divisional
lines of the biologic or time scale do not correspond to those of
the stratigraphic scale, but are determined by independent
factors." So diverse are the divisions suggested by the fossils
in the time scale from those indicated by the stratigraphy
in the formation scale, that the same author saw the necessity
of a dual nomenclature;! of a distinct set of names for the
members of the two scales.
In this connection, also, there may be mentioned a discussion
on the character of fossil evidence, by Brooks J. It is espe
cially noteworthy as coming from a biologist, and is from . a
standpoint that is not and cannot well be considered by
the average paleontologist. Although it is not mentioned
in the discussion, it may be inferred that the proof is con
clusive that the fossils do not indicate the great antiquity
of life that they are generally thought to, as deduced from the
chief argument: that at the time of the earliest Cambrian forms-
life was already fully nine-tenths differentiated. It is shown
that differentiation of life goes on with great rapidity along the
shore, and more or less independently in different localities, on
account of the fierce struggle for existence. The suggestive-
ness of the statement is startling; at a single stroke it prac
tically deprives the fossils of the greater part of their value as
trustworthy elements for general correlation, and relegates the
whole method to the same rank as correlation by lithology, or
similar succession The recent trend of paleontological
progress has been rapidly in the direction of biology, rather
than towards geology, but the effect of Brooks' suggestion
is to remove it almost entirely from the latter field and to
transfer it to the former. As in the case of certain of the
other criteria of geological correlation, the usage of fossils
becomes largely local.
The weakest point of all in general correlation by means of
fossils is the great complexity of the problem surrounding dis
tribution of organisms in space. The intricacy of the laws
governing the geographic range of animals and plants, at the
present time, is only understood in the most general way and
*U. 8. Geol. Sur., Bull. 80, p. 267, 1891.
^Journal Geology, Vol. II, pp. 145-160, 1894.
^Journal Geology, Vol. II, pp, 455-479, 1894.
13
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scarcely yet capable of unraveling. How infinitely greater are
the difficulties when not only space is to be considered but dis
tribution in time as well, and ail with material that at best is
but fragmentary. No biologist would have attempted it.
Unconformity. — In its widest sense an unconformity is any
discordance in sedimentation in which younger beds reposing
upon older rocks give evidence of no direct connection, of
interrupted deposition, or of a change in the prevailing physi
cal conditions whereby nonparallelism is developed in the
stratification planes of the two formations. The phenomenon
carries with it the idea of more or less pronounced warping of
the older strata before the younger are 1aid down. In a some
what narrower sense, and in the one that it is perhaps most
generally used, unconformity implies a tilting of the strata', their
elevation above sea-level, and subjection to more or less pro
found erosion before being covered by the younger sediments.
The irregularity in the juncture between two uncomformable
formations is, in the majority of cases, a well defined line
denoting a break in the continuity of conditions. In Europe,
where modern stratigraphical science originated, the time-gaps
indicated by unconformities have been regarded chiefly from a
biological rather than a physical standpoint. The full sig
nificance of the interruption in sedimentation has not been
appreciated so much in its bearing upon the conditions which
could have given rise to such effects, as in its production of a
well-marked hiatus in the faunal successions, or rather, by the
introduction of entirely new faunas, perhaps, in the younger
beds above. In the European countries also, the abrupt faunal
breaks have been at the foundation of the separation of geo
logical history into its grander divisions, and of the strata into
systems. In America the attempt to transfer the classification
of Europe has not proved so successful, and the application of
the same principles does not find the great gaps in the same
places. The inferences are obvious.
As a purely physical feature, application of unconformity to
anything smaller than the great systems, has usually been sub
ordinated to the faunal or lithological criteria. It has been
done, however, in a few cases with success; though not in such
a way as to attract very much attention.
Although marked physical breaks in the continuity of sedi
mentation have, from time to time, received some attention in
14
Proceedings of the Iowa Academy of Science, Vol. 6 [1898], No. 1, Art. 23
https://scholarworks.uni.edu/pias/vol6/iss1/23
IOWA ACADEMY OF SCIENCES. 145
problems of correlation, it remained for Irving* to point out its
great value in the classification of the nonfossiliferous, pre-
Cambrian rocks of the Lake Superior region. The practical
use of this criterion in stratigraphy was also later invoked in
the consideration of the Carboniferous of the Mississippi
valley f
The special stress laid by Irving on the value of unconformi
ties as a basis for geological classification, has a wide bearing.
In the application of the principle to the region that was
under consideration, it was shown that unconformities were
the most important of all criteria in resolving into its grander
subdivisions, a vast sequence of crystalline rocks, which, as in
the case of other similar masses, had defied all attempts of sat
isfactory arrangement and correlation. Had Irving not been
so untimely called from his field of labor, he might have possi
bly expanded his theme so that it would be of much wider, if
not of universal application. It is not that he was the first to
suggest the use of unconformities in delimiting the grander
geological formations, for this, at the present time, is essenti
ally the real foundation of our accepted geological classifica
tion. Other criteria, however, have so overshadowed this one,
that the fact of its ever having assumed an important role is
well-nigh lost sight of, and consequently the physical
breaks in stratigraphical succession excite little attention,
except as interpreted by fossils. Their true significance is
now very nearly, if not completely, overlooked.
In the absence of fossils, Irving was actually driven to the
use of purely physical methods in dealing with the metamor
phosed rocks. All attempts to arrange the latter systemat
ically, except upon faunal grounds, had been given up as use
less. In other regions, many writers before him had con
sidered the phenomenon of marked discordant sedimentation
as a structural feature, and had actually gone so far as to
regard unconformities as not only of regional, but even of
intercontinental, extent. On the other hand, there were a
very large number who believed that unconformities, at best,
were only local phenomena and, therefore, of small importance
in stratigraphy. It was Irving's particular mission to
determine how far unconformities could be relied upon, in a
limited district, to point out clearly that in some cases they
*U. S. Geol. Sur., Seventh Ann. Rep., pp. 437-439, 1888.
tBull. Geol. Soo. American, Vol. Ill, pp. S83-300, 1892; and Iowa Geol. Sur., Vol. II, n
29, 1894.
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were of very wide, and in other cases of very limited extent,
and, in the geological classification of the non-fossiliferous
rocks of a whole province, to propose a plan in which uncon
formities occupied a prominent place Short though the
period has been, since Irving 's time, there has sprung into
existence a new department of geological inquiry, that not
only reads later geological history in the geographical forms
presented, but gives an entirely new insight into the real
significance of uncomformable relations between the older
rock masses. The bringing in of the geographic aids, to
unravel stratigraphy, finds a hearty support and a wide
expression. It is in the extension of Irving 's theme, as out
lined under the guidance of modern geographic interpretation,
that stratigraphy is believed to have found a rational and
practical method of correlation and classification that, in its
fundamental concepts, is entirely independent of the usual and
almost universal paleontologic standard. The specific appli
cations are referred to in another place.
Community of Genesis. — Correlation by community, of genesis
is a " simple application of the well known principles (1), that
geologic processes may be inferred from their products, and
(2), that geologic processes are universally inter-related." It
is a method that was elaborated by McGee* for the more
recent deposits of the coastal plain of eastern United States.
In its more mature statement, f correlation by this principle
"becomes a juxtaposition of episodes or is a correlation by
historical similarity. "
" The application of this mode of correlation involves such astudy of
agencies and conditions of geologic action as to enable the geologist to
determine provisionally the origin of each phenomenon examined, whether
deposit or topographic feature, formation or land form; and the subsequent
comparisons involved in the correlation are comparisons of genetic records,
which may be made in such manner as to eliminate the incongruous and
preserve the congruous, and thereby develop a consistent history for the
entire province under examination. This method has already been charac
terized as homogenic, i. e., correlation by homogeny, or identification by
origin.
' ' In the practical app! ication of the method, the deposits of given sections
and circumscribed areas are first correlated empirically by visible con
tinuity and lithologic similarity, and to some extent by similarity of
sequence, in order that their relations may be generalized; next, the
agencies of genesis are inferred from the materials of the deposits viewed
individually and collectively; then the unconformities and pebble-beds,
•Am Jour. Sol., (3), Vol. XL, p. 36, 1890.
tOong L'vol. International, 5me Sess., p. 164, 1893.
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with other aberrant phenomena, are generalized, and from them, in con
nection with the normal deposits, the conditions of genesis (i. e , the atti
tude of land, proximity of rivery, etc.) are inferred. By these means a
tangible and definite picture of the topography, geography and geologic
agencies of the area is produced; and the various inferred features are
tested by their consistency and the inconsistent eliminated or withheld for
more extended comparison. Then the history of the contiguous area is
wrought out in similar fashion and the episodes are compared severally
and jointly, and the deposits and unconformities are interpreted in the
light of this comparison. The comparison is eventually extended to other
portions of the province and to the aontiguous provinces, and in each area
the significance of the sum of phenomena is sought and the inferred his
tories are generalized by combination of the congruous and elimination of
the incongruous until finally the history of a given period throughout the
entire province is interpreted in terms of episodes each inferred from the
sum of phenomena representing the period."
As originally suggested correlation by homogeny had long
been in general use, in one phase or another, but the method
had lacked definite formulation. Its main distinctive features
were in emphasizing the importance of the recognition of a
commitant period of land degradation, with each period of
deposition and in the inference of the agencies from the
materials of deposition. As set forth in its latest form, the
theory has been so expanded that its very name loses its
significance and becomes a misnomer. Instead of designating
a method of correlation it is a synonym of geological history
itself. Its foundation is entirely new from what it was in the
beginning and its distinctions are taken almost out of the realm
of observational science and are placed in the metaphysical.
In its most acceptable form, it is a special case of a more
general proposition, in which refinement of determination is
carried out far beyond a point where the method can be of
general utility in geological work. With the older formations
its use will be very limited. It is better adapted to the latest
deposits, but even among these its office will be necessarily
restricted, for with its practical use there is postulated com
paratively little effacement of the geological record of the
region. Moreover, it is a method that is local in application
and not general. As in the cases of lithological similarity, the
biotic, and most other methods that have been commonly used,
it makes no provision for correlation of provinces the geologi
cal histories of which have been not similar, but dissimilar.
Historical Similarity. —Practically, this method has been in
use for a long time, though not always clearly emphasized.
17
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It begins to show itself in the adoption of more than one
method of correlation. In its latest significance, the term has
come to cover the united conclusions derived from all methods
of correlation. At first glance the method has much merit;
but further consideration brings out the same fatal defects, in
its application to general problems, that are apparent in the
older and more widely used methods. It is essentially local in
its extension, and hence is on the same plane as the individual
methods it brings together. It fails to parallel the strata of
provinces of different geological origin.
Physiographic Development. —The modern physiographic prin
ciples, as enumerated by Davis,* Gilbert f and others, have an
important bearing upon geological correlation. Their direct
application, however, is confined to only the later formations.
Their chief value lies in the suggestions they have made
regarding the real basis of geological classifications and corre
lations, and in showing conclusively that a general considera
tion of the problems is not to be sought in any one of the
criteria yet set forth. The fundamental principle that is of
such prime importance to stratigraphical geology is that with
each marked uprising of the land surface there are produced
phenomena which are as ineffaceably impressed upon the
portion of the earth's crust above the sea, as is deposition
itself below the water level. The final reduction, through
erosion of the elevated land surface, to a more or less even
plain lying but little above the sea, the formation of a pene
plain, is a phase in the geological development of the region,
the full force of which has been until recently entirely over
looked. When the lowland plain is depressed below tide level
and covered by sediments, unconformable relations of the two
formations are produced, but the line of unconformity, instead
of indicating merely an hiatus, or blank gap, devoid of inter
est, represents a chapter in the history of the region that is
even more pregnant of eventful happenings than those
recorded by the contiguous formations that were formed
during the same period. The time-gap, and not the forma
tions, are, therefore, the all-important features in marking off
the ages, epochs and periods of geological history. The latter
stand for continuity of record; the former for interruptions
which render a classification possible.
« Nat. Geog. Mag., Vol. I, pp. 183-253, 1889.
t U. S. Geol. Sur., Mon. I, pp. 393-402, 1890.
18
Proceedings of the Iowa Academy of Science, Vol. 6 [1898], No. 1, Art. 23
https://scholarworks.uni.edu/pias/vol6/iss1/23
IOWA ACADEMY OF SCIENCES. 149
Correlation by comparison of the stages of physiographic
development is highly important, and fertile of exact results
in the later deposits, but it cannot be extended directly to the
older formations, though the principle is of first importance.
CORRELATION OP PROVINCES OP DISSIMILAR HISTORY.
Since sedimentation goes on most actively along the borders
of the great land masses of the globe, it is mainly a function of
continental growth and decline. Its most important relation is
with the shore-line, for the latter marks the boundary along
which the process goes on. On the one side materials are being
continually prepared to be carried away; on the other they are
being deposited. To rising or sinking of the land with refer
ence to the sea, or to the continual advance or retreat of the
shore-line, are to be ascribed all the widespread changes in
the character of the deposits thrown down in any particular
place, and it is the variations in level, chiefly, that give rise to
the intricate succession of lithologically different layers.
The immediate causes for the changes between the relations
of the land and sea areas are to be sought in orogenic and
epeirogenic movements. As the two kinds of movements can
not be readily separated practically, and as it is of small
advantage to separate them theoretically, the results produced
may be all regarded as arising from the one cause, from moun
tain-making forces.
The greatest and most abrupt changes in sedimentation, and
consequently in lithological, stratigraphical and faunal, and in
fact all characters, are those connected directly with diastatic
changes, producing depression of some land areas below sea
level, and the uprising of other districts above the level at
which they once stood, forming those great surface features
called mountains. Geological chronology, therefore, is believed
to find a rational basis in the same processes that are involved
in the genesis of mountain systems, and it is proposed to mark
off the leading subdivisions of geological time, and strati-
graphical succession, in accordance with the cycles of oro-
graphic development, calling the classification a systematic
arrangement by mountains, and the principle orotaxis. By the
term mountain is meant, not alone those geographic features
which at the present time are so conspicuous on the surface of
the earth, but also all of those structures which have in the
past been prominent characters in the surface relief, and
19
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which are still geotectonically mountains, though they have
been completely base-leveled, and have been long since buried
beneath later sediments. With these old mountains the
cycles of erogenic development are properly regarded as
beginning at the time when the strata were compressed, and as
extending through the periods when they were bowed up, then
planed off nearly to sea level, and submerged perhaps, until
degradational products were deposited upon their upturned
edges. The record of the completed cycle of mountain- making
is the measure of orotaxial chronology. The division planes
cutting the geological column into systems, series, or smaller
groups are, theoretically as well as actually, the lines of
unconformities. In the case of the more extensive, they no
doubt represent base-leveled surfaces or peneplains
In all cases, great or small, the erosion plane and period of
degradation of the land has its equivalent in the sea, in an
accumulation of sediments. An ancient plane of unconformity,
as it is now open to observation, may pass gradually into a
great plane of sedimentation. In the grander unconformities,
in which the plain of discordant sedimentation represents
essentially an old peneplain, the corresponding stratum which
was deposited in the sea area is usually a limestone. In fact,
most limestone formations are now looked upon as represent
ing deposition during periods when the land adjoining was a
graded surface, or a plain of faint relief lying but little above
sea level. This being the case, all unconformities have much
greater -significance than heretofore suspected.
These surfaces of unconformity and their representative
great planes of sedimentation are the only absolute datum
planes from which the measurement of formations can be
estimated. Theoretically the formation is generally con
sidered as a fixed and clearly defined unit; in practice it is
found to be ill -defined and incapable of definition in any but
the vaguest terms. But from the datum plane of the uncon
formity a new sequence of strata begins, sharply and clearly
set off from the formations below. Many, and perhaps most,
of the sharp lines of divisions are now effaced over much of
the existing land surface, but in this respect the record is not
more imperfect than any other, for the formations themselves
have been swept away. The longer a land area has remained
above sea level, the greater is the liability of the records of
the earlier events being lost. Over other districts in which
20
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sedimentation has gone on without material interruption dur
ing an even protracted orogenic movement, the line for delimit
ing the various formations may not always be clearly discern
ible and might not, with existing data, be recognized; but with
the detailed mapping of the country by the various official
geological surveys, the materials are either at hand, or soon
will be, for sharply defining all the places where the lines
of demarkation should be properly drawn. These lines, when
once made out, and when once properly considered, are as far-
reaching, and as universal in application, as those of any
classificatory system probably ever can be made. Where the
sequence of events has been continuous, lines drawn through
the very middle of a rock succession are not entirely arbitrary,
but in accord with the history more clearly recorded else
where.
While orogenic movements vary greatly, both in intensity and
extent, they are probably as wide reaching in their effects
as any one regional force can be that is of use in geological
chronology. They may be rarely or never continental — cer
tainly not world- wide in extent — but the different parts of
a given continent may be successively and repeatedly affected so
that a given region may be subjected to the influences from
several centers of activity. The records of these movements
for the continents thus overlap and interlock in such a manner
that from all a moderately complete network is evolved, upon
which may be arranged, in proper chronological position,
the minor episodes. With the comparison of different continents,
the difficulties are greater, but there are some lines which
surely can be found that are common to both, just as in the
case of the various provinces of a single continent.
In coming down to the lesser stratigraphical groups, as the
series, the stages and their subdivisions, the various sub
ordinate or local criteria of correlation may be applied in
defining the several members. The leading considerations are
the geographical distribution, the lithological characters, the
stratigraphical delimitation, and biological definition. In
dwelling upon the main characters of each stratigraphical
unit, all the physical history must be incorporated.
In proposing the term orotaxis, denotive of the essential
feature in the scheme of geological classification and chronology
above outlined, it is not with the idea of advancing an hypothe
sis that is entirely new, but rather of formulating into a
21
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connected whole a number of views which have long been
known, somewhat vaguely as a rule, perhaps, yet which are in
fact, to a certain degree at least, the real foundation of
systematic geology. It is the christening of the scheme with a
title in which the governing causes of sedimentation are recog
nized, in which the elements rendering possible any systematic
arrangement are brought into due prominence, and in which an
old principle is greatly extended in its application, and is
relieved of much of that which has so long overshadowed it.
In general geological classification, about the only attempt in
which the orotaxial principle has shown itself in the past,
is in demarkation of the grand divisions or systems, and the
events are commonly referred to as geological revolutions.
The nearest approach to the practical application of the idea, in
some of its phases, has been by Irving,* in his work on
the pre-Cambrian crystallines of the Northwest, in which
unconformities are given great prominence; by McGee,f in
his investigations of the coastal plain deposits of the middle
Atlantic slope, in which similarity of origin, or homogeny, is
the governing factor; and by Davis J and others in their physi
ographic work, in which periods of base-leveling are made the
all-important features in the cycles of land degradation and the
consequent sedimentation in adjoining seas.
CONCLUSIONS.
Proceeding upon the suggestions that have just been made,
the principles of general correlation may be more clearly shown
by the construction of a chart (plate vi) representing a section
across the North American continent, in an east and west
direction, as for instance from Richmond to San Francisco. In
a diagrammatic representation of this kind, the geographic
provinces are cut off by vertical lines, and the geological
systems by horizontal ones, the latter being separated by dis
tances approximately proportional to the estimated time inter
val. The skeletal chart stands for continuous and uninter
rupted geological history of the continent and the stratigraphi-
cal succession from the earliest to the latest formations. In
the proper places are indicated some of the principal physical
*U. S. Geol. Sur., 7th Ann. Kept., p. 378, 1888.
tAm. Jour. Sol., (3), Vol. XL, pp. 36-41, 1890.
tNat. Geog. Mag., Vol. I, pp. 183-253, 1889.
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breaks in sedimentation, or the leading cycles of mountain-
making activity. These are essentially the horizons of uncon
formities, and they are extended laterally across as much
territory as they approximately affected. A large number of
less important unconformities are known. The whole, when
thus arranged, forms an interlocking series of absolute datum
planes by which may be paralleled all geological sections.
The present scheme is based upon our present plan of
geological chronology. In the main this is unchanged, though
there is, doubtless, a considerable element of error that will
have to be eliminated as the more exact determinations of
parallelism are made out. The larger divisions or systems
may be left very nearly the same as they are now. The minor
subdivisions which cannot now be brought into juxtaposition,
can readily be placed in the general scale. This appears to be
one of the advantages recommending such a scheme.
A PRELIMINARY LIST OF THE MOSSES OF IOWA.
BY T. E SAVAGE.
The mosses together with the Hepaticae or liverworts con
stitute the group of plants known as the Bryophytes. This
group is distinguished from the Thallophytes, by the fact that
they present two modes of reproduction, the sexual and the
asexual, which occur in regular alternation. This gives rise to
what is called alternation of generations. Most bryophytes
also exhibit a very fair differentiation as between stem and leaf.
The spore of the moss, on germinating, produces a many-
celled, branching filament containing chlorophyl, the protonema.
From the protonema are developed colorless rhizoids, which
penetrate the substratum, and buds which produce the stem or
leafy axis of the plant. At the apices of the stems, or of the
small lateral branches, are borne the sexual organs, ' the
antheridia and archegonia. Mosses may be mono3cious, the
antheridia and archegonia being produced on the same plant,
or dioecious, the sexual organs being borne on separate plants.
The protonema and the leafy stem with the sexual organs
make up the sexual generation.
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